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SUMMARY

The question of main rotor/fuselage interference has been inves-
tigated many times. It is aggarent now that the more recently
defined main rotor/tail rotor interference is equally important.
1n addition, unlike the main rotor/fuselage interference, this
vnew"! interference is not amenable-to gsemi-empirical or analytical
modelling. To assist in identifying and gquantifying the relevant
parameters associated with main rotor/fuselage/tail rotor inter-
ference, the model scale hover test reported in this document was

conducted in the Sikorsky Aircraft Model Rotor Hover Facility
under NASA Contract NASZ-10770.

The test was conducted using the Basic Model Test Rig (BM{R),
fuselage skins representing & 1/5.727 scale UH-60A BLACK HAWK
helicopter, four sets of rotor blades of varying geometry (i.e.,
twist, airfoils, and solidity) and a model tail rotor that could
be relocated to give changes in rotor clearance (axially, later-
ally and vertically), cant angle and operating mode (pusher or
tractor). Several configurations were tested in and out of ground
effect. Flow visualization experiments covering the major geom-
etry changes were also conducted.

out of ground effect the combined influences of the fuselage and
tail rotor were found to degrade the hovering performance of an
isolated main rotor by from 2.2% to 6.7% depending on rotor blade
twist when including the download on the fuselage.

In ground effect, at a 2/R of 0.78, the influences of the fuselage
and tail rotor decrease with losses of hover performance for an

igolated rotor now ranging from 2.2% to 4.4% depending on rotor
blade twist.

The test showed that out of ground effect, the total interference
experienced by any component is approximately equal to the sum of
the individual interferences felt by that component. That is,
little change in one type of interference is experienced wlien
other interferences are introduced. 1In ground effect, the inter-
fereftices become inter-related and more complex.

To minimize tail rotor interference, the only options that have a
positive benefit are to move the tail rotor aft (increasing the
maini rotor/tail rotor clearance) and/or to cant the tail rotor.
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Low (wist, low solidity main rotors were found to reduce rolos/
fuseloge/ground interference effecta. However, the reduction in
these interfevence effects were not sufficient to overcome the
inherent performance disadvantages of this rotor configuration
compared to more advanced technology high twist rotors.

No noticeable difference in the interference experienced by the
main rotor due to the tail rotor, could be detected when operating
the tail rotor in either pusher or tractor mode. However, the
tail rotor itself, when operating in the presence of the fuselage
tail p{lon assembly, generally exhibited superior performance when
operating as a pusher compared to a tractor, when located in its
standard location without cant. . .

From the total system Figure of Merit standpoint, moving the tail
rotor aft or increasing its cant angle is very beneficial. This
is because of the reduced main rotor interference and the reduced
pover or increased system thrust available from the tail rotor due
to its re-orientation. The best OGE and IGE system hover/perform-
ance configuration was found to be with an uncanted aft pusher
tail rotor. The worst OGE system hover performance configuration
had a low tractor tail rotor without cant.

Lowéring the main rotor to position it closer to the ruselage did
not change the download experienced by the fuselage, but did

reduce the main rotor performance slightly at the lower thrust
levels.
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INTRODUCTIGN

Although the existence of main rotot/fuselage interference has
been knowii for a number of years (References 1-6 ?ruent the work
of typical early investigations), it was not until more recently
that the question of main rotor/tail rotor interference prompted
serious investigation. The initial investigations were directed
at the effects of the main rotor on the tail rotor characteristics
such as presented in Reference 7. This investigation and other
work (References 8 and 9) concentrated primarily on investigating
the tail rotor authority of certain helicopters, and resulted in a
"standard" in that most new tail rotors now rotate the lower blade
forward, towards the main rotor.

The most recently documented test (Reference 10) does cover the
mutual main rotor/tail rotor interference, but concentrates more
on the frequency content rather than the mean (perforfance)
levels. In addition, because the test was conducted in a wind
tunnel with its attendant wall constraints, testing was limited to
wind on conditions, and no hover simulations were attempted.

Because of the geometric relationship and the flow field mecha-
nisms involved, it is likely that the interference effect of the
tail rotor on the main rotor will be a maximum during hover or
rearward flight, whereas the interference effect of the main

rotor on the tail rotor, although high during hover may increase
with forward speed.

In an attempt to identify some of the critical parameters and
magnitudes of the interferences involved in the hover mode, the
test reported herein was conducted on the Sikorsky Aircraft Basic
Model Test Rig (BMYR), with and without a UH-60A BLACK HAWK
fuselage and with 4 different main rotor blade configurations.
Variations in rotor height above the ground and above the fuse-
lage, rotor tip Mach number, tail rotor location and operating
mode (tractor or pusher) were also investigated to determine their

impact on the main rotor/tail rotor/fuselage interference pheno-
menon.

At the present time, no analysis is available which can predict
the main rotor/tail rotor aerodynamic interference. The experi-
mental data described herein identify the magnitude of the inter-
ference effects between the main rotor, tail rotor, and fuselage,
the important geometric parameters and operating conditions and
provide the necessary data base to guide the development of
analytical methods.
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The significant improvements realized in recent years in isolated
rotor Figure of Merit now give peérformarce levels approacliing the
theoretical ideal. Further increases in rotor hover performance
will probably only be made following considerable expenditure of
time and money. However, significant system hover performance
improveménts may be posgible with less time and effort if the
interference effects of the tail rotor and fuselage are minimized.
To this end the results presented herein together with other model
tests as deemad necessary can be used to select airframe con-
ﬁquragions that result in an optimized helicopter hover con-
guration.




LIST OF TABLES

l. strain Gauge Balarice Information

2. Model Rotor Characterigticg

3. Test Configuration Variables .

APPENDIX F

F-l. Main Rotor & Tail Rotor & Fuselage, ocGE, Thrust Increments

F-2. Main Rotor & Tail Rotor & Fuselage, z/R = .78, Thrust Incre.
ments

APPENDIX 1

I-1 Low Reynolds Number sC1095 Airfoil C, Data

1«2 Low Reynolds Number sc109s Airfoil Cp Data

I-3 Low Reynolds Number £C1095R8 Airfoil C;, Data

I-4 Low Reynolds Number SC1095R8 Airfoil Cp Data

I-5 Low Reynolds Number 0012 Airfoil C,, Data

I-6

Low Reynolds Number 0012 Airfoil cD Data




10.

11,

12.
13.
14.
15,
16.
17.
18.
l9.
20.

21,

LIST OF FIGURES

Basic Model Test Rig (BMTIR)

Basic Model Test Rig (BMIR)

Model Test Cell Hover Facility

Model Test Cell Hover Facility

Impact of door opening on Rotor Mover Performance
Typical Main Rotor-ct/eigma - collective relationship
Typical Main Rotor cq/sigma - collective relationship
Typical Main Rotor ct/signa - cq/eiqma relationship

Typical Main Rotor Full Range Figure of Merit - C./sigma
relationship

Typical Main Rotor Expanded Scale Figure of Merit - ct/siqma
relationship

Typical sSystem (Main Rotor and Tail Rotor and Fuselage)
cw/siqma - cq/siqma relationship

Typical Tail Rotor ct/sigma - cq/sigma relationship
Typical Fuselage % Download - ct/aigma relationship
Typical Fuselage Download - Thrust relationship
BLACK HAWK Model Rotor Characteristics

S§-76 Model Rotor Characteristics

High Solidity Model Rotor Characteristics

H-34 Model Rotor Characteristics

BLACK HAWK Model Fuselage Contour Detaile

Isolated BLACK HAWK Rotor OGE, Mach Number Trends, Expanded
Scale Figure of Merit - ct/sigma

Isolated S-76 Rotor, OGE, Mach Number Trends, Expanded Scale
Figure of Merit - ct/sigma




22.

23.
24.
25.
26.
27.

29.
30‘
31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

L1ST OF FIGURES (cont'd)

Igolated High Solidity Rotor, OGE, Mach Number Trends,
Expanded Scale Figure o Merit - ct/eigna

Isolated BLACK HAWK Rotor, Effect of M, on Ground Effeect
{solated Rotors, Ground Effect Augmentation, M, = 0.6
Isolated Main Rotor, Oround Effect Trend

BLACK HAWK Rotor with Fuselage - Thrust Recovery, OGE

4 Rotors with Fuselage - Thrust Recovery, M, = 0.6

BLACK HAWK Rotor with Fuselage = % Fuselage Download, OGE
4 Rotors - Fuselage Download, OGE, M, = 0.6

4 Rotors with Fuseluge - % Fuselage Download, M, = 0.6

Ss-76 Rotor with Fuselage - 9% Fuselage Download, S=-76 and
BLACK HAWK Fuselages, M, = 0.6

Main Rotor with Fuselage, IGE Trends

BLACK HAWK Rotor with Tractor Tail Rotor - Main Rotor Thrust
Loss, Mt = 0.6

BLACK HAWK Rotor and Fuselage with Tail Rotor - Main Rotor
Thrust Loss, Mt = 0.6, OGE

BLACK HAWK Rotor and Fuselage with Tail Rotor - Main Rotor
Thrust Loss, “t = 0.6, Z/R = 0.78

4 Rotors with Fuselage and Tfajl Rotor - Main Rotor Thrust
Loss, Mt = 0.6, OCE

4 Rotors with Fuselage and Tail Rotor =- Main Rotor Thrust
Loss, M, = 0.6, 2/R = 0.78

BLACK HAWK Rotor and Fuselage with Tail Rotor - Download on
Fuselage, “t = 0.6, OCE

BLACK HAWK Rotor and Fuselage with Tail Rotor = Download on
Fuselage, "t = 0.6, 2/R = 0.78

4 Rotors with Fuselage and Tail Rotor - Download on Fuselage,
Mt = 0.6, OCGE

Y I s 7 1 v 7

1 i . .




F R

ST RLE AL EA B WY

41.

42 L]
43,
440

45.

46.

47.

48.
49.
50.
51.
52.

53.

54.

S5.
56.

57.
58.

LIST OF FIGURES (ceont'd)

4 Rotors with Fuselage and Tail Rotor - Download on Fuselage,
M. = 0.6, 2/R = 0.78

Tail Rotor Thrust Loss due to Fuselage Pylon
Tail Rotor Thrust Loss due to BLACK HAWK Main Rotor

Tail Rotor Thrust Lose due to BLACK HAWK Main Rotor and
Fupelage Pylon, OGE

Tail Rotor Thrust Loss due to BLACK HAWK Main Rotor and
Fuselage Pylon, 2/R = 0.78

Tail Rotor Thrust Loss due to 4 Main Rotors and Fuselage
Pylon, OGE

Tail Rotor Thrust Loss due to 4 Main Rotors and Fuselage
Pylon, 2/R = 0.78

System Figure of Merit, BLACK HAWK Main Rotor, OGE

System Figure of Merit, BLACK HAWK Main Retor, 2/R = 0.78
system Figure of Merit, 4 Main Rotors, OGE

System Figure of Merit, 4 Main Rotors, 2/R = 0.78

Low Rotor Head, 4 Main Rotors, Loss of Main Rotor Thrust due
to Fuselage, OGE

Low Rotor Head, 4 Main Rotors, Loss of Main Rotor Thrust due
to Fuselage, 2/R = 1.2

Low Rotor Head, 4 Main Rotors, Loss of Main Rotor Thrust due
to Fuselage, 2/R = 0.78

Low Rotor Head, System Figure of Merit, 4 Main Rotors, OGE

%o?’venotor Head, syetem Figure of Merit, 4 Main Rotors, 2/R =

Theory-Test Fuselage Download Correlation, Y106 Program
Theory-Test Fuselage Download Correlation, CCHAP Program




APPENDIX A

A-1

A=-2

A-3

A-4

A=-5

A-6

A=7

A-10
A-11

A-12

A-13

A-14

A-15

A-16

1solated BLACK HAWK Rotor, OCE, Mach Number Trende, ct/aigma
- cq/eigma

Igolated BLACK HAWK Rotor, OCE, Mach Number Trends, Figure
of Merit - ct/aiqma

L ]

Isolated BLACK HAWK Rotor, OGE, Mach Number Trends, Expanded
Scale Figure of Merit - ct/ligma

lgolated S-76 Rotor, OCE, Mach Number Trends, ct/sigma -
cq/sigma

Isolated 8-76 Rotor, OGE, Mach Number Trends, Figure of
Merite ct/sigma

tgolated S-76 Rotor, OGE, Mach Number Trends, Expanded Scale
Figure of Merit =- ct/eig'ma

Isolated High Solidity Retor, OCE, Mach Number Trends,
ct/aig'ma - cq/sigma

lsolated High Solidity Rotor, OGE, Mach Number Trends,
Figure of Merit - ct/aigma

Isolated High Solidity Rotor, OGE, Mach Number Trends,
Expanded Scale Figure of Merit -

Isolated H-34 Rotor, OGE, M, = 0.6, ct/siqma - cq/siqma

Isolated H-34 Rotor, OGE, M, = 0.6, Figure of Merit -
ct/eigma

Isolated H-34 Rotor, OGE, M, = 0.6, Expanded Scale Figure of
Merit - ct/siqma

H-34 Rotor, OGE, M = 0.6, Cu/ .. fma - cq/sigm. Full Data
Range

H-34 Rotor, OGE, M = 0.6, Figure of Merit - ct/eigma. Full
Data Range

H-34 Rotor, OGE, M = 0.6, ct/aiqma - cq/sigma, Restricted
Data Range

H-34 Rotor, OGE, M = 0.6, Figure of Merit - ct/aigma, Re-
stricted Data Range

3
;?
-
)
i
‘

S e

- B

JUPIIISEES TS

D e i TS




A-17

A-16

A-19

L4

LIST OF FIGURES (eent'd)

Isolated BLACK HAWK Rotor, cround Effect Trends, M = 0,85,
ct/siqm - cq/aiqma
1solated BLACK HAWK Rotor, Ground Effect Trends, M = 0.60,
ct/aigma - cq/siqma

1golated BLACK HAWK Rotor, Greund Effect Trends, M = 0.6,
ct/sigma - cq/aiqma

A=-20 4 Isolated Main Rotors, Ground Effect Trends, M = 0.60

A-21 tsolated BLACK HAWK Rotor, Ground Effect Trends TIGE/TOGE -
Z/R

A-22 Isolated S-76 Rotor, Ground Effect Trends, ct/eigma -
cq/sigma

A-23 1lsolated S-76 Rotor, Ground Effect Trends, TIGE/TOGE - 2/R

A-24 lsolated High Solidity Rotor, Ground Effect Trends, c‘./amma
- cq/sigma '

A-25 1gsolated High Solidity Rotor, Ground Bffect. 1.:mus, Tiae/

IGE

Toce = 2/®

A-26 1lsolated H-34 Reter, Ground pffect Trends, ct/aiqma -
cq/sigma

A-27 Isolated Rotors, Ground Effect Augmentation, M, = 0.6

APPENDIX B

B-1 1lsolated Tractor Tail Rotor, Mach Number Trends, 0° Cant,
ct/sigma - cq/sigma

B-2 1goluted Tractor Tail Rotor, cant and Separation Trends,
ct/aiqm - cq/sigm

B-3 Isolated Tractor Tail Rotor, Location Trends, ct/sigma -
c‘q/aigma

B-4 Isolated Pusher Tail Rotor, ct/siqma - cq/aigma

10

e e s s At i . .



LIST OF FIGUREE (cont'd)

PENDIX C

Cc-1

C-2

c-3

C-4

c=-7

C-8

Cc-9

C-10

c-11

c-12

Cc-13

c-14

C-15

BLACK HAWK Rotor and Fuselage, OGE, M = 0.60, ct/aigma -
cq/sim

BLACK HAWK Rotor and Fuselage, OGE, M = 0.60, Expanded Scale
Figure of Merit - ct/siqma

BLACK HAWK Rotor and Fuselage, OCE, M = 0.60, Fuselage %
Dewnload - ct/eigma

BLACK HAWK Rotor and Fuselage, OGE, M = 0.60, Fuselage
Download -~ Rotor Thrust

BLACK HAWK Rotor and Fuselage, OGE, M = 0.55, ct/sigma -
cq/sigma

BLACK HAWK Rotor and Fuselage, OGE, M = 0.65, ct/eiqma -
cq/sigma

BLACK HAWK Rotor and Fuselage, OGE, M = 0.55, Expanded Scale
Figure of Merit - ct/sigma

BLACK HAWK Rotor and Fuselage, OGE, M = 0.65, Expanded Scale
Figure of Merit - ct/sigma

BLACK HAWK Rotor and Fuselage, OGE, M
Download - ct/sigma

BLACK HAWK Rotor and Fuselage, OGE, M
Download - ct/signa

0.55, Fuselage %

0.65, Fuselage %

BLACK HAWK Rotor and Fuselage, OGE, M

0.55, cw/eigma -

cq/siqma
BLACK HAWK Rotor and Fuselage, OGE, M = 0.60, cw/siqma -
cq/eigmu
BLACK HAWK Rotor and Fuselage, OGE, M = 0.65, cw/aigma -
cq/siqma

BLACK HAWK Rotor and Fuselage, 2/R = 1.2, M = 0.60, ct/eiqma
- cq/ciqma

BLACK HAWK Rotor and Fuselage, 2/R = 1.2, M = 0.60, Expanded
sScale Figure of Merit - ct/aigma

1

Rasaauced




C-16

C~17

=
e
.
N
v
-

C-18

C-19

Cc-20

Cc-21

C-22

c-23

Cc-24

C-25
c-26

Cc-27

. C=28

c-29
Cc-30

C-31

C=-32

12

LIST OF FIGURES (cont'd)

BLACK HAWK Rotor and Fuselage, 2/R = 1.2, M
% Download - ct/siqma

0.60, Fuselage

BLACK HAWK Rotor and Fuselage, Z/R = 1.2, M = 0.60, Fuselage
Download - Rotor Thrust

BLACK HAWK Rotor and.Fuselage, 2/R = 1.2, M
- cq/sigma

BLACK HAWK Rotor and Fuselage, 2/R
ct/sigma - cq/eiqna

0.60, cw/sigma

0.78, M = 0.60,

BLACK HAWK Rotor and Fuselage, 32/R = 0.78, M = 0.60,
Expanded Scale Figure of Merit - ct/sigma
BLACK HAWK Rotor and Fuselage, Z2/R = 0.78, M = 0.60, Fuse-

lage ¥ Download - ct/sigma

BLACK HAWK Rotor and Fuselage, 2/R = 0.78, M

0.60, Fuse-
lage Download - Rotor Thrust

BLACK HAWK Rotor and Fuselage, 2/R = 0.78, M = 0.60,
cw/sigma - cq/sigma

BLACK HAWK Rotor and Fuselage, M = 0.60, Fuselage % Down-
load-Z/R

S=-76 Rotor and Fuselage, OGE, M = 0.60, ct/sigma - cq/sigma

S-76 Rotor and Fuselage, OGE, M = 0.60, Expanded Scale
Figure of Merit - ct/sigma

S=76 Rotor and Fuselage, OGE, M = 0.60, Fuselage ¥ Download
-ct/aigma

S-76 Rotor and Fuselage, OGE, M = 0.60, Fuselage Download -
Rotor Thrust

S«76 Rotor and Fuselage, OCE, M = 0.60, cw/aigma - cq/sigma

S-76 Rotor and Fuselage, Z2/R 1.2, M = 0.60, ct/sigma -
cq/sigma

8-76 Rotor and Fuselage, 2/R = 1.2, M = 0.60, Expanded Scale
Figure of Merit - ct/aigma

S=-76 Rotor and Fuselage, 2/R = 1.2, M = 0.60, Fuselage %
bownload - ct/sigma

ey

.




C-33

c-34

Cc-35

c-36

c=-37

c-38

c-39

C=-40
c-41

C~-42

C-43

C-44

C~-45

C=-46

C~47

C-48

LIST OF FICURES (cont'd)

=76 Rotor and Fuselage, Z/R = 1.2, M = 0.60, Fuselage
pownload - Rotor Thrust

$s-76 Rotor and Fuselage, 2/R = 1.2, M = 0.60, waaigmc -
cq/iiqma

8=76 Rotor and Fuselage, z/ﬁ = 0.78, M = 0.60, ctfsiqma -
cq/aiqma

$-76 Rotor and Fuselage, 2/R = 0.78, M = 0.60, Expanded
Scale Figure of Merit - ct/aigma

§-76 Rotor and Fuselage, 2/R = 0.78, M = 0.60, Fuselage ¥
bownload - ct/niqma

pownload - Rotor Thrust

§-76 Rotor and Fuselage, 2/R = 0.78, M = 0.60, cw/sigma -
Cq/aiqma

s-76 Rotor and Fuselage, M = 0.60, Fuselage ¥ Download - 2/R

High Solidity Rotor and Fuselage, OGE, M = 0.60, ctfsigma -
Cq/Biqma

High Solidity Rotor and Fuselage, OGE, M = 0.60, Expanded
Scale Figure of Merit - Ct/aiqma

High Solidity Rotor and Fuselage, OGE, M = 0.60, Puselage %
Download - ct/aiqma

High Solidity Rotor and Fuselage, OGE, M = 0.60, Fusclage
Pownload - Rotor Thrust

Bigh Solidity Rotor and Fuselage, OGE, M = 0.60, cwfsiqma -
Cq/aigma

High solidity Rotor and Fuselage, 2R = 1.2, M = 0.0,
ct/aiqma - quaiqma

High Solidity Rotor and Fuselage, Z/R = 1.2, M = 0.6, Ex-
panded Scale Figure of Merit - ct/niqma

High Solidity Rotor and Fusclage, 2R = 1.2, M = 0.6, Fuse-
lage ¥ Downioad - Ct/niqma

AR




LIST OF FIGURES (cont'd)

C-49 High Solidity Rotor and Fuselage, 2/R = 1.2, M = 0.6,
cw/aigma - cq/siqma
C-50 High Solidity Rotor and Fuselage, 2/R = 0.78, M = 0.6,
ct/sigma - cq/sigma
: C-51 High Solidity Rotor and Fuselage, 2/R = 0.78, M = 0.6,
o Expanded Scale Figure of Merit - ct/s-igma
I C-52 High Solidity Rotor and Fuselage, 2/R = 0.78, M = 0.6,
Fuselage % Download - ct/sigm&
L C-53 High Solidity Rotor and Fuselage, 2/R = 0.78, M = 0.6,
= cw/sigma - cq/sigma
C-54 High Solidity Rotor and Fuselage, M = 0.6, Fuselage % Down-
-, load - 2/R i
: C-55 H=-34 Rotor and Fuselage, OGE, M = 0.6, ct/sig‘ma - cq/sigma
C-56 H-34 Rotor and Fuselage, OGE, M = 0.6, Expanded Scale Figure

of Merit -~ C,/sigma

C-57 H=34 Rotor and Fuselage, OGE, M = 0.6, Fuselage % Download - o
C./8igma R

C-58 H=-34 Rotor and Fuselage, OGE, M = 0.6, cw/sigma - Cq/sigma

C-59 H-34 Rotor and Fuselage, Z/R 0.78, M = 0.6, ct/sigma -
cq/sigma

C-60 H-34 Rotor and Fuselage, Z/R = 0.78, M = 0.6, Expanded Scale
Figure of Merit - Cp/8igma

C-61 H-34 Rotor and Fuselage, Z/R = 0.78, M 0.6, Fuselage % )
Download - C./sigma *

0.6, cw/sigma -

C-62 H-34 Rotor and Fuselage, Z/R = 0.78, M
Cq/siqma

s C-63 4 Main Rotors with Fuselage, Ground Effect Augmentation
i GWyap/Wogg - Cqa
C-64 BLACK HAWK Rotor and Fuselage, Ground Effect Augmentation
O¥16E/Yoog = 2/R .
C-65 S-76 Rotor and Fusclage, Ground Effect Augmentation GW; o/
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LIST OF FIGURES (cont'd)

c-66 High Solidity Rotor and Fuselage, Ground Effect Augwmentation
GW;gg/OWoce = 2/R

Cc-67 Rotor 3926 Fuselgge, Ground Effect Augmentation ‘Gwicg/
GWOGE) - (D/2) o

c-68 System Vzrtical Drag (without tail rotor), OGE, M = 0.6

c-69%9 gy:tqm Vertical Drag (without tail rotor), Z2/R = 1.2, M =

c-70 gy:tem Vertical Drag (without tail rotor), 2/R = 0.78, M =

APPENDIX D

D-1 Tail Rotor and Fuselage, Tractor, 0° cant, Standard Location
and Separation

D-2 Tail Rotor and Fuselage, Tractor, 0° Ccant, Standard Loca-
tion, Increased Separation

D-3 Tail Rotor and Fuselage, Tractor, 20° cant, Standard Loca-
tion and Separation

D-4 Tail Rotor and Fuselage, Tractor, 20° cCant, Standard Loca=-
tion, Increased Separation

D-5 Tail Rotor and Fuselage, Tractor, 0° cant, Low Position,
Increased Separation

D-6 Tail Rotor and Fuselage, Pusher, 0° cant, Standard Location
and Separation

p-7 Tail Rotor and Fuselage, Pusher ond Tractor, 0° Cant, Stand-
ard Location and Separation

D-8 Tail Rotor and Fuselage, Pusher, 0° Cant, Standard Location,
increased Separation

b-9 Tail Rotor and Fuselage, Pusher and Tractor, 0° cant, Stand-
ard Location, increaséd Separation

D-10 Tail Rotor and Fuselage, Pusher, 0° cant, Low Position,
increased Separation

D-11 Tail Rotor and Fuselage, Pusher and Tractor, 0° Cant, Low

Position, Increased Separation
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APPENDIX E

E-1

E-2

E-3

E-4

E=7

E-8

E-10

E-11

1

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
standard Tail Rotor Location and Separation. Main Rotor
ct/sigma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
standard Tail Rotor Location and Separation. Main Rotor
Expanded Scale Figure of Merit - ct/sigma

SLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
standard Tail Rotor Location and Separation. Tail Rotor
ct/aigma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M = 0.60, Standard Tail Rotor Location and Separation, Main
Rotor ct/sigma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M = 0.60, Standard Tail Rotor Location and Separation. Main
Rotor Expanded Scale Figure of Merit - ct/sigma

BLACK HA"K Main Rotor and Tractor Tail Rotor, Z/R = 0.78,
= 0.60, Standard Tail Rotor Location and Separation. Tail
Rotor ct/aigma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
standard Tail Rotor Location, Increased Separation. Main
Rotor ct/siqtna - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
standard Tail Rotor Location, Increased Separation. Main
Rotor Expanded Scale Figure of Merit - ct/sigma

BLACK HAWK Main Rotor Tractor Tail Rotor, OGE, M = 0.60,
Standard Tail Rotor Location, Increased Separation. Tail
Rotor ct/sig‘ma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M= 0.60, Sstandard Tail Rotor Location, Increased Separa-
tion. Main Rotor ct/sig'ma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M = 0.60, Standard Tail Rotor Location, Increased Separa-
tion. Main Rotor Expanded Scale Figure of Merit - ct/sig‘ma
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E-13

E-14

E-15

E-16

E-17

E-18

E-19

E=-20

E-21

E-22

E-23
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BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R = 0.78,
M = 0.60, Standard Tail Rotor Location, Increased Separa-
tion. Tail Rotor ct/sigma - cq/eigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
Aft Tail Retor Location, Standard Separation. Main Rotor
ct/eigma - ;q/siqma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
Aft Tail Rotor Location, Standard Separation. Main Rotor
Expanded Scale Figure of Merit - ct/aiqma.

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
Aft Tail Rotor Location, Standard Separation. Tail Rotor

ct/siqma - cq/aigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M = 0.60, Aft Tail Rotor Location, Standard Separation.
Main Rotor ct/aigma - cq/siqma

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M= 0.60, Aft Tail Rotor Location, Standard Separation.
Main Rotor Expanded Scale Figure of Merit - ct/sigma‘

BLACK HAWK Main Rotor and Tractor Tail Rotor, Z/R = 0.78,
M= 0.60, Aft Tail Rotor Location, Standard Separation.
Tail Rotor ct/sigma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
Low Tail Rotor Location, Increased Scparation. Main Rotor

ct/siqma - cq/aiqma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
Low Tail Rotor Location, Increased Separation. Main Rotor
Expanded Scalé Figure of Merit - ct/siqma.

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60,
Low Tail Rotor Location, Increased Separation. Tail Rotor

ct/siqma - cq/.iqma.

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M= 0.60, Low Tail Rotor Location, Increased Separation.
Main Rotor ct/siqma - cq/eigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, Z2/R = 0.78, M

= 0.60, Low Tail Rotor Location, Increased Separation. Main
Rotor Expanded Scale Figure of Merit - ct/niqma.

\ 1)

Cesa b




AT SRR

E-24

E-25
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LIST OF FIGURES (cont'd)

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2Z2/R = 0,78,
M= 0.60, Low Tail Rotor Location, Increaseéd Separation.
Tail Rotor ct/siqma - cq/sigma

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60.
% Loss of Main Rotor Thrust - cq

BLACK HAWK Main Rotor and Tractor Tail Rotor, 2/R = 0.78,
M=0.60. % Loas of Main Rotor Thrust - cq

BLACK HAWK Main Rotor and Tractor Tail Rotor, OGE, M = 0.60.
% Losa of Main Rotor Thrust - Distance Aft

APPENDIX P

F-1

F-2

F=3

F-4

F=7

F-8
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BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OCE, M = 0.60. Standard Tail Rotor Location and Separation,
0° cant. Main Rotor C,/8igma - cq/sigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.60. Standard Tail Rotor Location and Separation,

0° cant. C_/sigma - cq/eigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.60. Standard Tail Rotor Location and Separation,
0° cant. Tail Rotor ct/sigma - cq/sigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, all Main Rotor M's. Standard Tail Rotor Location and
Separation, 0° cant. Main Rotor Co/8igma - cq/aigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, all Main Rotor M's. sStandard Tail Rotor Location and
Separation, 0° cant. cw/siqma - cq/sigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, all Main Rotor M's. Standard Tail Rotor Location and
Separation, 0° cant. Tail Rotor ct/sigma - cq/éigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6, all Tail Rotor M's. Standard Tail Rotor Loca-
tion and Separation, 0° cant. Main Rotor C, /sigma - cq/
sigia. t

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6, all Tail Rotor M's. Standard Tail Rotor
Locationh and Seéparation, 0° cant. Tail Rotor C./8igma -
cq/sigmc.




LIST OF FIGURES (cont'd)

F-9 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
2/R = 0.78, M = (.,6. Standard 7PTail Rotor Location and
Separation, 0° cant. Main Rotor ct/sigm - cq/aigm.

F=-10 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, 1 ‘
2/R = 0.78, M = 0,.6. Standard Tail Rotor Location and Ce o
Separation, 0° cant. c,/sigma - cq/sigma.

F-11 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
Z2/R = 0.78, M = 0.6. Standard Tail Rotor Location and
Separation, 0° cant. Tail Rotor ct/sigma - cq/sigma.

F-12 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor, ]
OGE, M = 0.6. Standard Tail Rotor Location and Increased Lo
Separation, 0° cant. Main Rotor Ct/sigma - cq/sigma.

F-13 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6. Standard Tail Rotor Location and Increased
Separation, 0° cant. Tail Rotor ct/sigma - cq/sigma.

F-14 BLACK HAWK Main Rotor and Fuselage witlhi Tractor Tail Rotor,
2/R = 0.78, M = 0.6, Standard Tail Rotor Location and
Increased Separation, 0° cant. Main Rotor ct/sigma -
cq/sigma.

F-15 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
Z/R = 0.78, M = 0.6, Standard Tail Rotor Location and
Increased Separation, 0° cant. Tail Rotor ct/sigma -
cq/sigma.

F-16 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6. Standard Tail Rotor Location and Separation,
20° cant. Main Rotor ct/sigma - cq/sigma.

F=17 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6. Standard Tail Rotor Location and Separation,
20° cant. cw/siqma - cq/aigma.

F-18 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6 Standard Tail Rotor Locatioh and Separation,
20° cant. Tail Rotor ct/siqma - cq/sigma.

F-19 BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
2/R = 0.7, M = 0.6, Standard Tail Rotor Location and L.
Separation, 20° cant. Main Rotor ct/sig‘ma - cq/sigma. oo
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F=27
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BLACK HAWK Main Rotor and Fuaelage with Tractor Tail Rotor,
Z/R = 0.78, M = 0.6, Standard Tail Rotor Location and
Separation, 20° cant. cw/sigma - ‘l/signa.

BLACK. HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
Z/R = 0.78, M = 0.6. Standard Tail Rotor Location and
Separation, 20° cant. Tail Rotor ct/sigma - cq/eigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6. Aft Tail Rotor Location and Standard Separa-
tion, 0° cant. Main Rotor ct/sigma - cq/eigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6. Aft Tail Rotor Location and Standard Separa-
tion, 0° cant. cw/nigma - cq/aiqma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6, Aft Tail Rotor Location and Standard Separa-
tion, 0° cant. Tail Rotor ct/sigma - cq/sigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
2/R = 0.78, M = 0.6. Aft Tail Rotor Location and Standard
Separation, 0° cant. Main Rotor ct/siqma - cq/eigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
Z2/R = 0.78, M = 0.6. Aft Tail Rotor Location and Standard
Separation, 0° cant. cw/sigma - cq/sigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
Z2/R = 0,78, M = 0.6. Aft Tail Rotor Location and Standard
Separation, 0° cant. Tail Rotor ct/sigma - cq/sigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OCGE, M = 0.6. Aft Tail Rotor Location with Increased
Separation, 0° cant. Main Rotor ct/sigma - cq/eigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6. Aft Tail Rotor Location with Increased
Separation, 0° cant. cw/eigma - cq/siqma.

BLACK HMAWK Main Rotor and Fuselage with Tractor Tail Rotor,
OGE, M = 0.6. Aft Tail Rotor Location with Increased
Separation, 0° cant. Tail Rotor ct/siqma - cq/sigma.

BLACK HAWK Main Rotor and Fuselage with Tractor Tail Rotor